We have identified by protein microsequencing a glutamic acid residue (Glu-166) in a folding intermediate of chick muscle creatine kinase that is very sensitive to cleavage by staphylococcal proteinase V8. Most other glutamic acid residues, including Glu-168, are already partly protected from proteolytic attack at this stage. After the final stages of protein refolding, when enzyme activity is recovered, Glu-166 is also resistant to proteolysis.
INTRODUCTION
The use of proteolytic enzymes to separate native proteins into their folding domains is well established and is based on greater accessibility of interdomain linkers to proteinases (Wetlaufer, 1981; Jaenicke, 1987) . Some proteins, however, are extremely resistant to proteolysis, even though their three-dimensional structure and folding properties may indicate the presence of domains. For phosphoglycerate kinase, proteolytic separation of domains identified in other ways was possible after partial unfolding of the protein with denaturants (Betton et al., 1989) . The three-dimensional structure of creatine kinase (CK) is unknown, but antibody binding and chemical cross-linking studies have suggested analogies with two-domain hinge-bending enzymes (Morris & Cartwright, 1990) . Although native CK, like phosphoglycerate kinase, is resistant to proteolysis (Williamson et al., 1977) , we now show that partial unfolding exposes a proteinase-sensitive site at Glu-166, while Glu-168 and other nearby glutamic acid residues remain relatively protected. This may represent a domain 'linker' or, since CK is dimeric, a site of subunit interaction. must be replaced by guanidine as a denaturant because unmodified amino groups are essential for the Edman reaction. Secondly, guanidine must be removed by gel filtration because it is incompatible with SDS/PAGE. Finally, digestion fragments must be transferred electrophoretically to a suitable inert membrane, since nitrocellulose interferes with the automated sequencing reactions.
Chick muscle CK (40 ,ul of 47 mg/ml) and 20 ,1 of 50 mmTris/HCl buffer, pH 7.6, were added to 48 mg of solid guanidinium chloride to give a final concentration of 5 M in 100 ,ul. After incubation at 37°C for 5 min, the mixture was cooled in ice and 0.7 ml of ice-cold 50 mM-Tris/HCl buffer, pH 7.6, was 
MATERIALS AND METHODS

Materials
Proteinase V8 supplied by Sigma Chemical Co. as protease type XVII, XVII-B or XVII-S gave similar results; it may not be possible to achieve the same results with enzyme from other sources without modifying the experimental conditions. Guanidinium chloride (molecular biology grade) was from Sigma Chemical Co. CK was purified to homogeneity from adult chicken breast muscle (Eppenberger et al., 1967) . Sequence analysis was performed with the University of Wisconsin UWGCG software installed on the S.E.R.C. SEQNET facility (Daresbury, Cheshire, U.K.).
V8 digestion
Modifications to an earlier protocol (Morris & Cartwright, 1990) 
RESULTS
Fig . 1 shows the two fragments previously identified as the main initial products of V8 cleavage (Morris & Cartwright, 1990) with apparent Mr values of 20000 (N-terminal) and 23000 (Cterminal). When the C-terminal fragment was excised and sequenced, the first 12 amino acid residues recorded by the Fig. 1 . Other amino acid peaks are not significantly higher than background. Diphenylthiourea (dptu) and dimethylphenylthiourea (dmptu) are side-reaction products of the Edman reaction.
sequencer at an initial yield of 14 pmol and a 940% repetitive yield were GEFKGRYYPLKA, which matched exactly the published sequence of chick muscle CK obtained by cDNA sequencing (Kwiatkowski et al., 1984) . This indicates a V8 cleavage between Glu-166 and Gly-167, which would produce fragments of actual M, 18500 and 24500. The discrepancy between apparent and actual Mr values of these fragments is no surprise in view of known anomalous behaviour of CK and its fragments on SDS/PAGE (Nguyen thi Man et al., 1991) . Both fragments can undergo further cleavage, as is clear from the experiment of Fig. 1 , in which proteolysis was allowed to continue further than in those previously shown (Morris & Cartwright, 1990) .
No amino acids other than glycine were detected at the Nterminus of the excised V8-cleavage fragment (Fig. 2) and, since there are no other major C-terminal fragments of similar Mr on the gel, this suggests that three glutamic acid residues closer to the C-terminus (Glu-168, Glu-181 and Glu-183) are relatively resistant to V8 cleavage. Although the C-terminal fragment clearly begins with Gly-167, we cannot rule out the possibility of an equally V8-sensitive glutamic acid residue preceding Glu-166 (e.g. Glu-160).
When the CK sequence was examined for regions of high flexibility by the method of Karplus & Schulz (1985) , running as part of the University of Wisconsin UWGCG software package, Glu-183 had the highest score in the whole sequence (1.123 compared with 1.044 for Glu-166). It also fits better with the apparent Mr values of the fragments on SDS/PAGE and seemed the most likely V8-cleavage site (Morris & Cartwright, 1990 ), but protein microsequencing has clearly shown this not to be the case.
DISCUSSION
We recently suggested that CK may consist of two domains with the catalytic site formed at their interface (Morris & Cartwright, 1990 ), a structure analogous to 'hinge-bending' enzymes, such as hexokinase and phosphoglycerate kinase (Banks et al., 1979) . This suggestion was based on three pieces of evidence: (a) identification by cross-linkage experiments of three regions of CK close to the active site but widely separated in the sequence (Mahowald, 1979; Babbitt et al., 1986) , (b) location near two of these regions of epitopes that are exposed in a folding intermediate but become inaccessible during the final stages of CK refolding (proposed interaction of domains with recovery of CK activity), and (c) identification of a V8-sensitive region in the folding intermediate consistent with a 'linker' between domains. A domain interface could also constitute the proposed 'cleft' occupied by planar substrates (Watts, 1973) . Further work is required to test this hypothesis, however, since it does not explain all aspects of CK structure, notably the highly conserved dimeric nature of the CK molecule, which does not appear to be essential for enzyme activity (Bickerstaff & Price, 1978) .
We have now shown that the actual V8-cleavage site is well defined and near the 'alternative' site (Glu-I 66-Gly-167) rather than the 'most likely' site suggested by apparent Mr values Glu-183 (Morris & Cartwright, 1990) ]. There are 30 glutamic acid residues altogether in the chick muscle CK sequence, so some are clearly more sensitive to V8 cleavage than others (Fig. 1) . Studies of the effect on V8 cleavage of the nature of the amino acid residue on the C-terminal side of glutamic acid have not found consistent results among different proteins (Drapeau, 1977) , suggesting that accessibility is more important than the chemical nature of the following amino acid residue. Certainly, there is no evidence that Glu-Gly bonds are intrinsically more susceptible to V8 cleavage, since they were among 1991 Proteinase-V8 cleavage of creatine kinase the most resistant in some proteins (Drapeau, 1977) . Prolonged V8 treatment or higher V8 concentrations produce more extensive proteolysis ( Fig. 1 and results not shown) , possibly due to a rather fluid or dynamic structure of the folding intermediate in which other glutamic acid residues are accessible for some of the time. This would be consistent with current ideas about protein folding (Jaenicke, 1987) . In contrast, we have shown that all glutamic acid residues are protected from V8 cleavage when folding is complete in native enzymically active CK (Morris & Cartwright, 1990) . For cleavage to occur, accessible sequences must also contain a proteinase-specific amino acid residue. Glu-166 is not found in CK sequences other than that from chick muscle, so it will be of interest to determine whether the highly conserved Glu-160 is an alternative V8-cleavage site in CK from other species, or whether the initial cleavage products are quite different in size.
This approach may be generally applicable to characterization of partially folded states of proteins and could be extended by using the microsequencing method to identify the cleavage sites of a number of different proteinases (e.g. trypsin at arginine/ lysine and chymotrypsin at aromatic residues). Trypsin produces C-terminal fragments of chick muscle CK with Mr 20000-24000, which are relatively resistant to further digestion (Morris, 1989) .
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